The magnetic field produced by a rotor with alternating magnetic poles in a magnetic fluid hydrostatic bearing is numerically evaluated. There has been used a 3D program based on the finite element method (3D-FEM).
Introduction
The cylindrical bearing with magnetic liquid represents one of the applications of the second order magnetic levitation.
The bearing with magnetic fluid, alternating magnetic poles on the stator, and nonmagnetic rotor has been presented in [1] and analytically investigated in [2, 3] . A numerical computation of the force that acts on the rotor, using a 2D-FEM program under the hypothesis of a magnetic field with plane meridian symmetry, can be found in [4] .
The bearing with magnetic fluid, alternating magnetic poles in rotor and nonmagnetic stator has been analyzed analytically in [5, 6] .
In the present paper, the magnetic field is evaluated numerically in a bearing with magnetic fluid, alternating magnetic poles in rotor and nonmagnetic stator. It has been used Magnet 5.0, a 3D program based on the finite element method (FEM).
The sketch of a bearing with magnetic fluid and alternating magnetic poles placed in rotor is presented in Fig. 1 The displacement between the rotor axes and stator axes will be denoted by Δ . Because of the displacement Δ , the magnetic field has not a radial symmetry, and on the rotor acts a magnetic force in the direction to bring the rotor in equilibrium (when it is centered in the bearing). The levitation force depends on the displacement Δ , the magnetic properties of the magnetic liquid, the permanent magnetization of the magnetic poles and on the geometrical design of the bearing. To evaluate numerically the levitation force, we need to know the magnetic field distribution produced by the magnetic poles.
Magnetic Field Equation and Finite Element Formulation
The bearing that will be analyzed is considered to have a long extension along z-axes, Fig. 2 .
The length of the 3D model has been denoted The 3D-FEM program MagNet 5.0 of the Infolytica was used to solve numerically the field problem. The version 5.0 of the program doesn't allow defining a radial permanent magnetization. To simulate the radial magnetization of the permanent magnets has been used the model in Fig. 4 . The toroidals magnets has been divided in 20 domains, ba, bb,…, bt, each of them having a constant permanent magnetization, as shown in Fig. 4 .
The geometry and the finite elements in a orthogonal plane on the z axis of the model, generated by the MagNet is presented in Fig. 5 . To generate the 3D model, has been used the extrusion principle. The first order tetrahedrons were used in all the regions of the model except the region of the liquid where second order tetrahedrons have been used. In the analysed cases there has been used a number of 25000-30000 nodes and 130000-150000 tetrahedrons.
The values of the geometrical quantities used in the numerical simulation, are: mm 10 r 1 , where δ represents the maximum displacement.
Results and Conclusions
The results are presented in a graphical form. In Fig. 9 there has been presented the radial component of the magnetic field strength versus z axis for the analysed model and mm 8 . 0 = Δ . The magnetic field strength has been considered in the points of the magnetic liquid placed on the interface surface between the magnetic liquid and rotor, where the displacement has a maximum value (the upper part of the bearing, Fig. 3 ). The z component of the magnetic field strength versus z axis, for the same points as in Fig. 9 , is presented in Fig. 10 . The results obtained from the 3D-FEM model, trace 2, are compared with the corresponding analytical results obtained in [6] where has been used a plan-parallel model for the field evaluation, trace 1. In the both cases, the curves resulting from 3D-FEM (curves 2) match quite well with the curves 1 obtained by analytical approximation. 
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